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This study is concerned with an analysis to determine the optimum
frequency for point-to-point communication in the vicinity of the line-
of-sight horizon on the lunar surface. For this analysis, the transmit-
ter output is assumed to be 1 watt (+30 dbm) and the antenna heights are
6 and 24 feet.
The circuit margin parameters used 
i
i
i
 Lhe communication link analy-
sis include the free-space transmission loss, the Bremmer Serie
g
 loss,
the ground proximity loss, antenna gains, transmitter power and receiver
s
e
n
sitivities. Each parameter is briefly explained.
The free-space transmission loss is defined as the ratio of the
power received to the power transmitted assuming two isotropic antennas
(0 db gain) such that
L
O
VT Ir
(1)
where X
 
the wavelength and d = distance between antennas. The Bremmer
Series loss represents the loss which occurs as a result of blockage and
diffraction by the lunar surface. The BremmerSeries loss is defined as
aG
	
T
h J
	
Z
Z -- ` - ,
e
	
n
i 
S
+
2
'r,
	
O 2
w
h
ere .1
 is a d
istan
ce fu
n
ctio
n
, rrn
 is the m
ode num
ber,
	
is a ground
parameter and ;,Q 
is the height-gain function. The free-space loss along
with the Bremmer Series diffraction loss is tabulatedin, Table 1 for fre-
quencies ranging between 200 KHz and 2200 MHz and distances between 2.5
KM and 30 KM. A more detailed explanation of the Bremmer loss is given in
Burrows (1 9
4
9). A com puter analysis was used to determine both the Bremmer
-Series and free-space losses. The first seven terms of the Bremmer Series
2w
e
r
e
 
u
s
ed. The program was formulated under the direction of Mr. Ray Thomp-
s
o
n
 by Mr. Jim Pawlowski of the Digital Techniques Section and is included
in the Appendix.
t
	
A tabulation of the total transmission loss is shown in Table II and
a
 plot is given in Figure 1 depicting 
the 
changes in transmission loss as
M
a
 function of frequency and range. It is noted that as the frequency de-
c
r
e
a
s
e
s
 the transmission loss becomes smaller. Also it is noted that the
dielectric parameters of the moon are more significant at the lower fre-
quencies; whereas, at VHF and above the transmission loss is practically
independent of the moon's dielectric parameters. In general, it is found
that higher conductivity contributes to 
a
 longer communication range and
this is especially true at lower frequencies.
The next factor to be considered is that of the ground proximity loss
o
r
 that loss which affects the radiation resistance of an antenna because
of its close proximity to the ground. These losses have been taken from
graphs given by (Vogler, 
1964) 
a
nd are tabulated in Table III. As may be
s
e
e
n
 in Table III, this loss becomes important only at low frequencies
when the antenna is electrically close to the lunar surface. Also 
shown
in Table III are typical antenna gains for the frequencies involved. On
the right side of Table III is listed the combined effects of antenna gains
w
a
nd the ground proximity loss.
Q
	
The final freq
,,le
n
cy variable factor to be considered is receiver sen-
sitivity which is shown in Table IV. An RF bandwidth of 40 KHz is assLuiled
with a received signal-to-noia
p
 
r
atio of 18 db. Also, -shown.in Table IV
is the allowed antenna port-to
-
a
ntenna port loss which includes +30 dBm
(1 watt) for the transmitter and the assumed receiver sensitivities at
,,..+_
	
.
_
"
`
_
	
-r:_..^^:=s+]a'nY^ _a„ni^'AS°^,+ «•..^x_<
	"+
.,....t3
aG
_^^ast .^-^.^-.say=
^?, i46
3Vra
r
the various frequencies.
With the assumption of a 1 watt (30 dbm) transmitter one may deter-
mine from the combined effects tabulation in Table V and Table 2V that the
a
stronaut may go to a range of 10 kilometers and still communicate at 
a
frequency of 10 MHz with a data bandwidth of 14 KHz (BY bandwidth of 40
KHz) and an output signal-to-noise ratio of 18 db. The maximum range is
plotted in Figure 2 as a function of frequency. For application 
w
ith tele-
vision bandwidths, the 10 MHz carrier frequency would not be sufficient,
A frequency band of VHF or higher would be required and a shorter 
m
axim
um
r
a
nge would result.
For direction finding, the 10 MHz frequency could be used out to a
r
a
nge of approximately 20 kilometers by using a small 
R
Y
 bandw
idth of 1 KHz
a
nd assuming 
a
 10 db less efficient direction finding antenna. The astro-
rn
a
u
t c
o
uld, carry a low power receiver and a direction finding antenna 
w
ith
a
 gain of -17 db with respect to isotropic. 'A 1 watt 10 MHz transmitter
c
o
uld be used on the Lunar Module yielding a range of 20-23 kilometers de-
pending on the lunar surface conductivity.
The optimum frequency for point-to-point communication with 6 foot and
24 foot antenna heights is round to be in the 1 to 10 MHz range depending
o
n
 the conductivity of the lunar surface.
This analysis has not considered antenna size. Low frequency antennas
become very large compared to VHF antennas of equivalent characteristics.
In a lunar surface communication system this factor could weigh heavily in
frequency selection.
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Computer Programs
for
E
qaations (1) and (2)
i
F
	
1
A
-1
A
n
alysis of Free Space Loss
The general form
ula to calculate Free Space Loss expressed in decibels is
2
	
^
L
 (db) = 10 log 
	
10 Lo
	
2
0
	
10
	
gl 0'Tr
c^
 jz
AE0
 
=
 
r
e
c
eived signal
^
^
 
=
 transmitted signal
w
a
v
e
 le ngth
d = distance between antennas
It is necessary to express A and d in the same units:
speed of light
frequency
Therefore= it can be seen that the distance units of A are the same as those of
the speed of light. H
ence
.,
 it is the sam
e to say that the speed of light
a
nd d must be expressed in the same distance units.
N
m
eters
	
(^) =
	
300 X 10 6
	-
 
s
e
e
frequency cps
M
el m
eters
	
A(W
 =
	
300
	
sec
frequency (M
H
Z)
Likewise.,
•
	
A
M
 =
	
9
8
4
 N
eg, feet/sec
frequency (MHZ)
}
	
	
When d is expressed in meters, use
	
(m), and when d is expressed in feet
u
s
e
 
A
(
f
)
 
.
 
If it is necessary to express d in other units adjust A 
by
e
xpressing the speed of _light in the sam
e units.
In order to include the loss and/or gain due to reflection and refraction
w
e
 
m
u
st compute the Geo-Optics or the Bremmer Series methods and add
these results to
 the Free Space Loss. The choice of w
hat m
ethod to use
depends on the distance between the antennas.
FA
-2
If the distance between the antennas is greater than 
^5% of the line of
sight then the B
rem
m
er Series is used. If it is less than or equal to
this value the Geo-Optic method is used.
Line of Sight
	
F
a,  +
a
 
=
 
r
adius of the body
k _ index of refraction
hl
 =
 height of one antenna
h2
 =
 height of the other antenna
CAUTION! a, h
l.
,
 
a
nd h2
 
m
u
st be expressed in the same units of dis^ance.
F
	
1
A-3
FREE; SPACE LOSS
OPERATION OF PROGRAM
I. Load the Fortran operating system using the nigh speed reader.
2.
Put the Free Space Loss Program object tape in the low
 speed reader
a
nd turn on the reader .
3.
Load address 200 and depress start the tape 
w
ill load.
4.
When the tape stops, depress 
to
e
 c
o
ntinue switch. The message "Type
Frequency" will be typed out on the teletype. Enter the: frequency
e
xpressed in MHZ on the keyboard. Express all entries in Floating
Point except the number of increments (Step 9) .
.
 
"Type Speed of Light" is then typed. Enter the speed of light
e
xpressed in mega-units.
6.
"Type index 
o
f r
efraction" is the next message. Enter this quantity.
7.
"Type radius of Body" and "Type heights of antennas" are the next two
m
e
s
s
ages type out. Remember that these quantities must be entered
u
sing the same units of distance.
8.
The value for A
 
,
.the wave length, is 
c
alculated and typed out.
9.
The message, "Type the number of increments", 
is typed. Enter in
fixed point the total number of antenna distances that you wish to
investigate .
10.
The number +1 which labels the first distance will then be typed.
11.
The message "Type the distance between antennas" is typed. Remember
to enter this in the same units as the speed of light.
12.
The "Free Space Loss" followed by the "Free Space Loss" expressed in
db are typed out.
13.
The message whether to use Geo Optic or use Bremmer series for the
n
e
xt calculations is typed.
14.
The number +2 is typed and the steps 11 through 13 are repeated.
Then the number +3, etc .
A
-4
C
; F
R
E
E
 S
P
A
C
E
 L
O
S
S
 C
A
L
C
U
L
A
T
IO
N
S
 F
O
R
 A
N
T
E
N
N
A
S
l; F
O
R
M
A
T
 (/#"TY
PE FR
EO
. t l l
 
N
C
Y
"y
/)
2;
4 ril
,
 M
A
T
 (/,"TY
PE
 SPE
E
D
 O
F L
IG
H
T",/)
3;
F
 0P
M
A
T
 (/.,"TY
PE IN
D
EX
 O
F R
EFR
A
C
TIO
N
".,/)
4;
F
O
R
M
A
T
 (/.,"TY
PE RA
D
IU
S O
F B
O
D
Y
", / )
53 F
O
R
M
A
T
 (/, "TY
PE H
EIG
H
TS O
F A
N
TEN
N
A
S", / )
6
; F
O
R
M
A
T
 (E
, / )
9
; F
O
R
M
A
T
 (I,/)
f T
Y
P
E
 1
A
C
C
E
P
T
 S
, F
T
Y
P
E
 P
s
 A
C
C
E
PT
 S, C
O
 N
ST
3 T
Y
P
E
 3
A
C
C
E
P
T
 R
, R
E
F
R
f T
Y
P
E
 4
s
 A
C
C
E
P
T
 S
, A
T
Y
P
F
 5
A
C
C
E
P
T
 F
, H
 1, H
2
PMRA
	
C
O
N
S
T / F
T
Y
P
E
 15, A
M
B
A
15; FO
R
M
A
T
 ( /, "W
A
V
 F LEN
G
TH
	
"
,
 E
, / )
I 
	
FO
R
M
A
T
 (/,"TY
PE N
UM
A
FR 'O
F IN
CREM
EN
T—
'7-",/)
T
Y
P
E
 10
s
 A
C
C
E
P
T
 9
, J
3
 D
O
 50 M
=
1 , J
s
 T
Y
P
E
 1
1
, M
1
1
; F
O
R
M
A
T
 (/,"I =
 
" P
IP/)
S2; FO
R
M
A
T
 (/, "TY
PE D
ISTA
N
CE BETW
EEN
 A
N
TEN
N
A
S", / )
; T
Y
P
E
 1
2
J A
C
C
E
P
T
 F
S
, D
; F
S
L
 =
 (
A
M
B
A
 / (
4
• *
 3
.1
4
1
6
 * D
))**2
s
 D
R
	
=
 4
.3
4
2
3
4
 *
 L
O
G
F
 (FSL
)
1
3
; FO
R
M
A
T (/, "FREE SPACE LOSS = •', E, / )
14; FO
R
M
A
T (/, "FREE SPACE LO
SS (DB) _ ", E, / )
; T
Y
P
F
 1
3
, FSL
;
 TY
P
E
 1 4, D
B
s
 D
IS
T
= S
O
T
F
 (2 • 
*
 R
E
F
F
 
*
 A
 * H
1
')
D
I S
T
 = D
I S
T
 + S
O
T
F
 (P • * A * H2)
; D
I S
T
 =
 0
-2
5
 
*
 D
I_ST
;
 
IF
 (DIST —
 D)
	
21,20P
20
IF; FO
R
M
AT (/,"USE GEO—
OPTIC",/)
19;
FO
R
M
A
T (/,"USE BREM
M
ER",/)
20;
TY
P
E
 18
s
 G
O
 TO
 50
21;
TYPE" 19
50; C
O
N
TIN
U
E
3
 STOP
s
 E
N
D
P,
A
-5
&ULAMATION OF PROGRAM
The program is broken into three sections
Section I is composed almost entirely of commands to type messages and
a
c
c
ept data. T
his section extends from
 the line ^-.A
beled 1; through tw
o
lines after the line labeled 12;. However, the equation for wave length
is solved in this section on. the llth line after 9;.
AMBA = CONST/F
c
o
r
r
e
sponds to
A
=
 
speed of L
ight
frequency
Section II contains the calculations and outputs for the Free Space Loss
a
nd extends from the end of Section I to the second line after 14;
FSL = (AM
BA,(4.*3.1+16*D) )**2
c
o
r
r
e
sponds to
L
o
 
=
 ( A
) 2
4
1
 d
D
B
 =
 4.34294nou (FSL)
c
o
r
r
e
sponds to
L
o
 (DB) = 10 X LOG 10(Lo)
T
h
e facto
r o
f 
.434294 i s u
sed to equate the L
O
G
F, w
hich is log
e
,
 to
 log10'
Section III contains the test to see if the Bremmer Series or GeQ-Optic
m
ethod should next be used.
DIST = SQTF (2.*PMR*A*Hl)
co
rresponds
 
-
-
	 t o
r
/2
'k
'a
h
l
DIST = DIST + SQTF (2 . *REE'R*A*H2 )
t
	
p
A-6
co
rresponds to
Line of Sight
	
2
k
a
h
1
2
k
a
h
2
DIST = 0.25*DIST
is 25% of the Line 
of sight.
Next is the "IF" statement which determines whether 25% of the line of
sight is greater than the distance betw
een antennas or less than or equal
to the distance between antennas.
IA-7
Analysis of Bremmer Series
The general equation for the Bremmer Series expressed in decibels is
E 2
	
7
 
e" J ?
„n
	
2
	
LB(db) = 10 loglo E
+
 
=
 10 logl0 2
	
(h) f (hd
I
%
	
h
This can be sim
plified to
^41
	
z
	
el
(1) LB(db) = 10 logl0 [SVS ' `
	
^
^
C
^
►Z
)
,
	
l
	
^.
	
rS -+ Z T
AE = received field
AE  = Free Space Field
if 
=
 distance factor
4' ground parameter
h1
,h2
 
heights of antennas
1
'
r
,
 
=
 
c
o
mplex numbers which characterize the individual terms in
equation (1)
For vertical polarization w
here L = 1^ 2
21T hL s
l^
i 1
For horizontal polarization where L = h 2
2 lrhz
+
 
1
 
(
	
vi^ 
-
-
I
 )
}'-4 3Q>Y3
Ec
 
_
 E
—
 J
 C 60
6
e
 
^
 Z
e
n
 ( E
 —
/
S
didlectric constant of the spherics], body
=
 w
a
v
e
 length of signal
O
`- =
 c
o
nductivity of the spherical body
.^K
V,
A4
^. ►
.
 
`
	
riw
+
w
r
.
^
^
r^
Z
0
L
e
t w
 
=
 6
0
 t7`
J
Then
	
E
^_ I
	
—
	
j .. 1
2
 
+
 N
9'^,
	
^
.
1
L
e
t T
I
N
Y
 =
^
	
+
 w
	
,^
C
and
	
c
a( -
 
t
a
n
 
2
oZ
T
h
e
m
 "
	
-
 T
IN
Y
 e
TIN Y (COS o e
	,
j
 
SIN a
C- - i W
_
	
T
IN
Y
 IE
  • C
O
S
 It
 
—
w
 • S 1 N a
+
j
(W
- C
O
5 T
 t- E
•S
tN
^^^
T
herefore, for vertical polarization, l =
 1, 2
2 71' h '
	
a
 
•
 c
'a
s
 a
 - W
	
050e
 S
o
/ 
°
+
 .1(w
- C
 r C'
f f h j 3=
	
+
 j
	
-
A
	•
 T
IN
 r•
	
E
+
 
w
	
.J
REAL PART ^
 
1
 T
 
2 ^	
T O
 Y
	
w
' C
osa t E
 S
IN
S
E
 
t°
 W
M
A
G
I
N
A
R
Y
 
P
A
R
T
 
=
 2
'T
 h
` 
-
r
 l A
/ Y
 • E
 C
O
S CC
 
—
 w
• SIw
Ct
E
_
' +
+
 w
 a
z
	
a
nd for horizontal polarization, L = 1
1
 
2
R
EA
L PA
R
T
	
—
 t`
	
Ta Y
 •
 S /N
 
cC
Y
IM
A
G
IN
A
R
Y
 PA
R
T
	
z e
 
h
	
r
'^N
 Y
 ' cos QG
M.
A
-9
F
o
r
 both cases
	
2
	
2
(2)
	
I^(h; )^
	
_
	
(REAL PART) 2
 t (TMA61NARY PART)
F
o
r v
ertical polarization
2
	
C
 _
	
Z
ITKd
 3
	
C
	
)
 -
^
k = index of refraction
a
 
=
 
r
adius of the spherical body
	
2 1T K d
	
2
L
e
t
 
H
 
_
 (
—
T
-
-
 9
C
E
 
-
 ^
) J
 
w
Then
	
=
	
H
	
^E
z
_
W
L) 
_
 J
•
	
E
W
)
2
	
1
L
et F
	
a
nd G
= 2
 E
W
Then
	
If 
=
	
14
	
^E ^^
	
-
 J W
F
(E
 
-
^) F + G
 W
	
F W
N'
	
F
  t- G
z
	
+
 j
	
F
 Z
 +
 G
L
-
^
 r
 
t G
 W
L
et
	
C
IN
 
=
 H
 •
	
F
Z
 t G
k
-,)&
 - 
F
I V
a
n
d
	
C
A
W
 =
 H•
	
F Z
 t G
For horizontal polarization
^
r
 
=
H
 E
L
e
t C
 E
M
 =
 H
 (E
 
-1)
a
nd CAW = -HW
FA
-10
F
o
r
 both cases
6
 
=
 
C
F
M
 
+
 j C
A
W
T
h
e
 d
ista
n
c
e
 fa
c
to
r
	
!
3
	
=
.
^
 
^
•
 d
t)
	
.I K
 a
d = distance between antennas
2
	
Z
(4)
	n
,
 
^
,
 
—
 
Cr -
	
—
 3 V
in, qO e
w
here
7S
^
^
.o
 =
1.856
	
e
	
^.
	
=
1.856
(
	
J
	
2,
^
,qa =
3
.245
	
e
 
-j 3
	
=
3.245
(
	
-
,00 =
4.382
	
e -'' 3
	
=
4.382
Z
a
nd for n
=
 4, 5, 6, 7
,ao
2
13r(
	42
Z
J
	
2 f
L
et
	
T
N
R
 =
 real part of
	
^00
T
N
I =
 im
aginary part of
	
n^
7^0
=
 T
N
R
 + j TNI
S
in
ce p(=
'C
F
M
 +
 d CAW
cr
Z
=
vce
m
	
+
	
CAW
t°
CA W
td" C
 C
U
Z
Z^
	
C
cf
	
CEM 2 + CAW
 2
( ^
1
	
e
n
~^
L
e
t
	
SMALL =
2
'f
^EM
 + CA
W
A
 
W
 )
tan
-
 fm
a
nd
v
A
-
1
1
.
i
T
hen
	
-
 of
	
-
-S
M
A
LL
 ( 
c
a5
 r
	
-
J
'
 
S
 iN
 Y)
	
^I
-
 3
2
	
Z
	
-
^
	
^
 
^
 ^
 tah-^^ cr^>
_
	
^
^
	
I
^
c 
E
M
	
+
c
A
Let
	
CALL
	
(
V C E
M
 Z * C
A
W
'
and
	
=
	
2
-/
	
C
AW
tah
	
HEM
 1J
T
hen
	
CS -
	
-
CA
LL
	(O
$
	
-
 J S
/lV
 ^)
2
	
-3
2
TA
I R
 +
 J T
iV lJ
 
-
 C
	
4 k
	
00.5 0
	
5 J V0)
=
 
-
 ?
 C
A
L
^
 F
T
A
llf CoS
	
+
	
T
N
I S
 JN
	
f' J (PV
_r
 C
'v5
	
-T
N
R
 S'/^1 , 1
^
,
a
t
3
`L
^g
Then, referring to
equation (4)
a
7
n
 
=
 T
N
R
 +
 i T
N
I
-
 SM
A
LL (CO
S r
	
SIN
 e
CA 11 [
-rVR- cas
, d
 t7
-A lr
 SiN
l t ,%
 ('TiV
.TCO5S^--Ti g
 S /,t/(l^^J
,i
3
 
and
re
al part of In
	
=
TNR - SM
ALL COS ;r
	
3
 
CA
LL (TV
t?
 C
O
S f^ f T
N
I S^^^J
.
 n
im
aginary part of T - TNI + SM
ALL SIN
	
CALL
	
"T
N
L C
O
50 - T
N
 #T
L
et the real part
of rn
	
RP
and the im
aginary
part of Th
 
=
 IP
Fit
R
eferring to equation (1)
c
f +
	
C
AW
 + (2 RP + J ?- = P)
0Y
	
-
 
R
P
	
e
xP
^
(c
c m
+ZRP) * (eq w
 t 2XP)
A
-12
•
.
 S
	
t
Let
	
c;
	
S P
	
0
=
 R
 P
A
 = CEM
 + 2 BPI
	B
 =
 C
A
W
 +
 2 IP
Then
	
C - j
	
A
c
!' + 2 7;,
	
A + J e
e a
 [A CO
S A- B SINA 
_
	
S
 C
O
s A
+ A
 5 N
b) I
A
2
 
+
 8 z
a
 ,j
R
FA
L
 PA
R
T
 =
	
e
 a
 (A CO-5 
.A
 , 8 SIN, 6
A
 +
 8 2
IM
A
G
IN
A
R
Y
 PA
R
T =
	
e
	
6 C
O
S
 .d
 +
 A
 5 JA
I ,d
A
7
 a2
H
e
n
c
e
	
7
T
 
R
E
A
L
 
P
A
R
T
+
I
M
AGINARY PART
4+2
 ?-n
n
=
i
-jr„„^
(5
)
	
_
^
=
 (
	
R
EA
A
-
2
P
A
R
T
>
	
t
7
	
.2
L
r
M
-491, V
,4R
Y
 
P h
2
I
N
o
w
 th
e
 re
su
lts o
f e
q
u
a
tio
n
s (2), (3),
a
nd (5) can be
incorporated into
e
 quat on (1) .
A
-13
rA
-l4
^
r
•1
B
R
E
M
N
E
R
 SE
R
IE
S
OPERATION OF PROGRAM
1.
Follow
,
 steps 1 through 3 for the operation of the Free Space Loss
program.
2.
Com
m
ands w
ill be typed out as in the previous program
s. Rem
em
ber to
be caiatious and type in everything in floating point except the number
of in,,rem
ents . A
lso type everything in the sam
e units of distance.
3.
This program is in two parts. At the end of the fir2t part, four
n
u
m
bers w
ill be typed out.Th
ese ar real p
arty
 of *, im
aginary part
o
f cl' , 
^f (h^))
	
^
 f ^h2^ I
	
a
n
d
 (
	
A
z a i)
 3
1
4.
Load address 200 and start. The second half of the tape will load.
D
epn;:ss continue .
5.
The command "Type the above numbers" will be typed. This refers to
the five num
bers typed from
 Part I.
6.
More commands will be typed, so enter the appropriate data.
7.
"B
re-com
er (db)" = the answer is typed and the next distance is requested.
1w
S
r
i
-
:i
!1
A
-15
C
; B
R
E
M
M
E
R
 SE
R
IE
S, A
 TW
O
 PA
R
T PR
O
G
R
A
M
.
1; FO
R
M
A
T(/,r "TYPE" W
AVE LENGTH", / )
?
s FO
R
M
A
T(/,"TY
PE IN
D
EX
 O
F REFRA
CTIO
N
",/)
3) FO
RM
A
T(/, "TY
PE RA
D
IU
S O
F BO
D
Y
",/)
4s FO
R
M
A
T(/, "T1 F'F. HEI UHTS OF ANTENNAS".,/)
5) FORM
AT(/, "TYFF DIELECTRIC CONSTANT", / )
6;
FO
R
M
A
T(/."TYPE: CONDUCTIVITY"#/)
7;
F
O
R
M
A
T
E
,/)
f T
Y
P
E
 1
J A
C
C
E
PT
 7, A
M
B
A
3 T
Y
P
E
 2
f A
C
C
E
PT
 7, R
E
F R
s
 T
Y
P
E
 3
s
 A
C
C
E
P
T
 7, A
f
 T
Y
PE
 4
s
 A
C
C
E
P
T
 7,
	
H2
j TY
PE 5
s
 A
C
C
E
P
T
 7
1
 F
3 T
Y
P
E
 6
3 A
C
C
E
P
T
 7, S
f H
	
=
 6 .2832 * R
E
F
 R
 * A
 / A
M
B
A
f H
	
=
 H
 *
 H
H
	
a
 H
 *
*
 .3
3
3
3
3
W
	
=
 6
0
.
 *
 A
M
B
A
 * S
01
	
=
 2
- *  3
9
1
4
1
6
 * H
I / A
M
B
A
02
	
=
 2
9
 *
 3
.1
4
1
6
 *
 H
2
 / A
M
B
A
f A
L
FA
	
=
 
—W
 
/ (E
-1•)
3 A
L
FA
	
=
 A
TN
F (ALFA)
A
LFA
	
(A
L
FA
) / 2.
TIN
Y
	
=
 (E
-1-) * (E
-1•) + W
 * W
3
TIN
Y
	
=
 S
O
TF (TINY)
3
 TIN
Y
	
=
 SO
T
F(TIN
Y
)
33;
F
O
R
M
A
T(/,"TY
PE l • FO
R
 V
ER
T. PO
L. O
R
 2. FO
R
 H
O
R
IZ. PO
L",/)
3 T
Y
P
E
 33
f A
C
C
E
P
T
 7
1
 COEF
IF (2 • —
 COEF )
	
3
3
, 3
5
, 3
4
34;
F
	
=
 E
 *E
 —
 W
 * W
f G
	
2
. *
 E
 *
 W
s
 DE NOM
	
=
 (F
 * F
 +
 G
 * G
) / H
s CEM
	
=
 ((E
	
1
9)
*F
.+
 G
*W
) / DENOM
f
 CA
1.11
	
_
 (
G
*(E —
 1.) —
 (F *W
)) / D
EN
O
M
f
 UND
	
=
 E
*E
 + W
*W
X
	
=
 (W
 * C
O
SF(A
LFA
) + E * SIN
F(A
LFA
)) / U
N
D
f Y
	
=
 (E * C
O
SF(A
LFA
) —
 W
 * SIW
 (A
LFA
)) / U
N
D
f G
O
 T
O
 19
353 CF,M
	
H
 * (E-1 • )
s
 CAW
	
=
 
—
 H
 * art
s
 Y
	
=
 CO SF (ALF A)
X
	
=
 S
IN
F (ALFA)
193 FH
IR
	
=
 1
. —
 (01 * TIN
Y * X)
1 FH
1 I
	
=
 0
1
 * T
IN
Y
 * Y
f FH2R
	
=
 1
 • - (02 * TIN
Y * X)
pr—
A
-16
s
F H
2 I
=
 0
2
 *
 T
I N
Y
 *
 Y
s
SBA
=
 F
H
IR
 *
 F
H
IR
 +
 F
H
II
	
*
 F
H
II
s
A
SS
=
 F
 H
2R
* F
 H
2R
 +
 F H
2I * F
 H
2 I
f
X
SE
=
 6
.2
6
3
2
 / (A
M
B
A
 * R
E
F
R
 * R
E
F
R
 * A
* A
)
•
s
X
SE
=
 L
O
G
F(X
SE) /
 3
.
s
X
SE
=
 E
X
P
F
 (XSE)
s
T
Y
P
E
 7,
C
E
M
, C
A
W
, S
B
A
, A
B
S
, X
S
E
s
STO
P
s
EN
D
;R
pl-
A
—
l7
ll
C3
	
P
A
R
T
 
2
371 FORMAT(/, "TYPE THE ABOVE NUMBERS", / )
71 FORMAT(E, / )
3 TYPE 37
J
 
A
C
C
E
P
T
 7,.. CEM, CAW, SBA, 
A
B
S
,
 
X
S
E
8s FORMAT ( I,/)•
91 FORMAT (/, "TYPE NUMBER OF INCREMENTS", j )
i TYPE 9
J
 
A
C
C
E
P
T
 
B
,
 
J
J
,
 
D
O
 
5
0
 
M
 
1
•
J
103 FORMAT (/, "TYPE DISTANCE BETWEEN ANTENNAS", / )
1
1
)
 
F
O
R
M
A
T
 
(
/
.
,
"
I
 
=
 
"
f
 I, / )
f 'TYPE 10
s
 A
C
C
E
P
T
 
7
,
 
D
f
 
A
E
T
A
	
=
 
X
S
E
 
*
 
D
f
 
E
N
	
=
 3.25
f SUMR
	
=
 0.0
f RUM I
	
=
 0.0
1
 
D
O
 4
0
 N
 =
 1
, 7
f
 
I
F(N - 2)
	
1
?
,
 
13, 14
12;
T
N
R
	
=
 
•925
1
 
G
O
 
T
O
 
1
7
13;
T
N
R
	
1.6225
1
 
G
O
 
T
O
 
1
7
14) IF ( N-3)
	
50j, 15, 16
15s TNR
	
=
 2.191
J
 
G
O
 
T
O
 
1
7
161 EN
	
=
 
E
N
 
+
 
I
.
f
 
T
N
R
	
=
 
3
.
 
*
 
3
.
1
4
1
6
 
*
 
E
N
s
 T
N
R
	
=
 
T
N
R
 
*
 
T
N
R
s
 T
'K
R
	
=
 
T
N
R
 
*
*
 
.
3
3
3
3
3
s
 
T
N
R
	
=
 
.
2
5
 
*
 
T
N
R
171 TNI
	
=
 
—
1 .732 * TNR
3
 
S
M
A
L
L
 
=
 
C
E
M
*
C
E
M
 
+
 
C
A
W
*
C
A
W
1
 
S
M
A
L
L
 
=
 
S
O
T
F(SMALL)
f
 
S
M
A
L
L
	
SGTF ( SMALL )
f
 
S
M
A
L
L
 
=
 
1
./SMALL
1
 
G
A
M
M
A
 
=
 
C
A
W/CEM
f
 
G
A
M
M
A
 
=
 
A
T
 
W
 (GAMMA)
f IF (CEM)
	
180 19, 19
18 f G
A
M
M
A
 = G
A
M
M
A
 + 3.1416
191 G
AM
M
A = G
AM
M
A/2•-
1
 C
A
L
L
 
=
 
S
M
A
L
L
*
S
M
A
L
L
*
S
M
A
L
L
f PHI
	
3
.
 
*
 
G
A
M
M
A
s
 
R
E
A
L
	
=
 (29/3•)*CALL*(TNR*COSF(PHI) + TNI*SINE (PHI) )
s
 
R
E
A
L
	
=
 
T
N
R
 
—
 
S
M
A
L
L
*
C
O
S
F(GAMMA) — REAL
s
 
E
M
A
G
	
=
 (2•/3•)*CALL*(TNI*CO5F(PHI) - TNR*SIW(PHI))
;
 
E
M
A
G
	
=
 
T
N
I
 
+
 
S
M
A
L
L
*
 
S
I
 
W
 ( GAMMA) — EMAG
s
 
T
N
R
	
=
 
R
E
A
L
TNI
	
=
 
E
M
A
G
.
.p
o
l
S
 °
	
-
A
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A
LF A
A
E
T
A
	
T
N
I
1
B
ETA
t A
E
T
A
 * T
N
R
C
=
 EXPF (ALFA)
ATE
=CEM +
 2• * TN
R
1
B
A
T
`
=
 C
A
W
 +
 2
. *
 TNI
1
C'
=
 C
/(ATE*ATE +
 BAT*BAT)
1
PLUS
=
 C
 * (ATE*COSF(BETA)
	
—
 BAT*SIW
 (BETA))
1
SUMR
=
 SU
M
R
 + PL
U
S
3
AWAY
=
 
— C *(BAT*COSF(BETA) + ATE*SIW
 (BETA))
1
RUMI
=
 RUM
I + AW
AY
400 CONTINUE
s VALUE
	
SUM
R * SUM
R + RUM
I * RUM
I
1 C
O
 N
ST
	
=
 a
 •
 *
 3
.1
4
1
6
 *
 A
E
T
A
1 PR
E
M
	
C
O
N
S
T
 * S
B
A
 * A
B
S
 * V
A
L
U
E
20) FO
RM
A
T (/, "BREM
M
iER (D
B)
	
"
,
 E
, / )
s
 B
R
E
M
 =
 4
.3
4
2
9
4
 *
 L
O
G
F(B
R
E
M
)
3 T
Y
P
E
 20, B
R
E
M
50J C
O
N
T
IN
U
E
1
 STO
P
J E
N
D
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Eta ANATION OF PROGRAM
The Bremmer Series Program begins by accepting
A
M
B
A
 
=
 
X
 
,
 
w
a
v
e
 length
R
E
F
R
 =
 k, index of refraction
A = a, radius of body
Hl, H2 _ h
l
,
 h 2
,
 heights of antennas
E
 =
 E
 , dielectric coefficient
S = C
o
-,
 
,
 c
o
nductivity
From the beginning to label 33 the program computes values that are
independent of polarization, distance, and n. They are, in the follow-
ing order:
7
2 77 k
 2
H = (
^3
A
W
 = 60 A
 0--
2 7r h,
A
Q2
	
2
0
h
e
A
 ^
,
A
L
F
A
 --- fa
h
	
1 
-
2
+i
TIN
Y
 = (
A
t label, 33 the operator, depending on his requirem
ents,, can select
horizontal or vertical polarization.
For vertical polarization the program
 goes to label 34. H
ere the real
part and im
aginary part of Cf, CEM
 and CA
W
 respectively, along w
ith X
a
nd Y
, factors in the calculation of f(ht) . are co
m
puted. For horizon-
tal polarization the program goes to label 35 where similar calculations
are m
ade.
The program then proceeds to label. 19 where the previous calculations are
u
sed to com
pute the real part of f (hd , ^
 the im
aginary part of S( h t)
the real part of t f ^h2) , the im
aginary part of , f(h2)
	
)
	 I2
`f(h2)
,
	
and
	
Z
 a k2a1^
,V3
F
	
1
A
-20
j
	
2
The program
 then types out the values for CEMO
 CA
W
, 1I , Lf(hz
)l
' &
 M
 ta
 t
	
a
nd stops. T
his is the end of the first part of the program
,
C
 
	 K
Part 2 begins by requesting the operator to type the num
bers typed at the
e
nd of Part I. The program then goes into a "DO LOOP" which depends on
the number of distances that are requested. The particular distance 
is
then entered and
1
k 2 a L
	
v
	
is com
puted.
I
	
The program then enters a nested "DO LOOP" in order to compute
7
	
e
 ..^
 rn r
d' t 2^
SUMR and RUMI will eventually be the real and imaginary parts of the
above form
ula
D
uring the first tim
e through this nested "D
O
 L
O
O
P
", T
N
R
 =
 .928 then the
program
 goes to label 17 w
here T
N
I =
 ,rT
 ( .928) . These values correspond
to
 th
e real an
d
 im
ag
in
ary
 p
arts oy 70-)
	
.
The program then computes the real and imaginary parts of
denoted by REAL and EMAG respectively.
N
ext the program
 uses these results to com
pute
e 
-
,i ?;,^ r
	
o
 f T
a
r a
-
 j f T N
 R
Cr
	
(C EM +
?_ T
A
IR
 (C ,^
2_
 W
I)
Then the real part is added to SUMR while the imaginary part is added to
RUMI.
D
u
ring the second and third time through the "DO LOOP" OR 1.6225 and
2.191 respectively, and the real and imaginary values are computed and
added to SU
M
P.  and RU
M
I respectively. H
ow
ever, for the 'fourth through the
.sev
enth tim
es, the egt^;.^
,
.kR
T
N
H
 ;F
( a
n +
 F) ) 3
	
n
 - 4 4)
 5) 6; 7
	
is used
EN
 corresponds to 11 + 1/4 and is increm
ented by one each pass through the
loop. The program then goes to 17 where it proceeds as before.
JA
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A
fter seven passes through the nested "D
O
 LO
O
P". The program
 com
putes
7
 e
 J
 
zl. r
 
2
S
W
 +
 R
U
M
2
cf' t
	
n
hs^
B
M
I
 
=
 
C
O
N
S
T
 
S
B
A
 
A
B
S
 
V
A
L
U
E
 is computed, and this result is then
e
xpressed in decibels by the formula
4.34294*LO
G
F (BREM
) which corresponds to 10 LOG
10
 (BREM)
which corresponds to the general equation for the Breimmer Series expressed
	
in decibels
	
^
	
'
"
^
 r
.r
 2
^EI 2
	
2
	
a
	
'
_
'
d
b
 ^ 1
0
 to
	
10 lo
g
 81rf • I f (hJ) • l fl hz)^ ^ ^ ^ ^' +
 2 r„
	
B
(
 
)
	
g
1
0
 i
	
10
	
n
.i
	
-
c
